Background The purpose of this study was to investigate the association between the severity of the mandibular inferior cortex (MIC) porosity and the number of remaining teeth in elderly Indonesian people.
Background
Tooth loss is associated with aesthetic, functional, psychological, and social impacts for elderly people. As tooth loss increases with age, [1] it has been accepted as a handicapping condition. However, elderly people who lose teeth are more likely to feel less confident, restrict food choice, enjoy food less, avoid laughing in public and avoid forming close relationships. [2] The causes of tooth loss include periodontitis [3] and unrestorable teeth or periapical lesions due to caries, [4] all of which are easily detected by dentists. Tooth loss due to aging processes such as osteoporosis is more difficult to detect. Several studies conducted to determine the association between oral health and osteoporosis used diagnostic tools that were unfamiliar to dentists. [5] , [6] Research is needed to determine how dentists can contribute to osteoporosis detection and to investigate the relationship between the severity of jawbone porosity and the number of remaining teeth.
Mandibular inferior cortex (MIC) classification, as defined by Klemetti et al., [7] is used to detect early osteoporosis with panoramic radiography. The relationship between the Klemetti index and heel bone mineral density (BMD) has been studied using a diagnostic tool for osteoporosis (dual energy X-ray absorptiometry), [8] biochemical markers of bone metabolism, [9] and mandibular bone quality. [10] Our previous research found a positive relationship between MIC classification and bone stiffness on the os calcis [11] , and an association with total serum calcium tracked using panoramic radiography in a longitudinal study. [12] Although some investigators have demonstrated a significant association between jawbone condition and tooth loss, [13] others have failed to find this association. [14] , [15] One study that measured the periodontal conditions of 210 females and compared an osteoporosis group to a control group with normal BMD found no significant difference in periodontal condition between the osteoporosis group and the control group, [14] but the authors acknowledged that this may have been due to the small sample.
The studies mentioned were in developed countries with good oral health awareness and advanced dental health facilities. Studies with a high number of subjects in developing countries are needed to investigate whether the severity of mandibular bone porosity as a sign of osteoporosis is related to the number of remaining teeth.
The purpose of this study was to investigate the association between the severity of the MIC porosity and the number of remaining teeth in elderly Indonesian people.
Materials and Methods
This cross-sectional study was based on secondary data from panoramic digital examinations of patients 50 years and older. The age of 50 was selected, as it has been reported that age-related loss of bone was more prominent in women after the age of 50 compared to those below 50. [16] This study was approved by the Ethical Committee of the Faculty of Dentistry, Universitas Indonesia.
Panoramic radiographs from January 2017 to December 2018 were chosen. An initial 439 digital panoramic radiographs were collected from the radiology medical records of the study hospital. After evaluating the quality of the radiographs in the area to be interpreted, eight radiographs were found not to be in the panoramic standard head position. Incomplete variable data and radiographs that showed cysts involving the jaw, benign or malignant tumors, suspected or self-reported systemic conditions, and jaw fractures that affected the numbers of remaining teeth were not included in the study. For subjects who underwent panoramic radiographic examinations more than once during the 2017-2018 period, only the final radiographic examination was used if it met the inclusion criteria. A total of 428 subjects of panoramic radiographs were measured in the study. All subjects were Indonesian.
The numbers of remaining teeth (including the third molars) were evaluated on panoramic radiographs using the following categories: healthy, carious, or treated.
Root tips indicated for extraction were not included as the remaining teeth.
Measurement of the MIC was determined by observing the mandible distally from the mental foramen on both sides. Subjects were divided into three groups (C1-C3), according to the Klemetti method [7] (Figure 1 ). C1 (normal cortex) indicated that the endosteal margin of the cortex was even and sharp on both sides, C2 (mildly to moderately eroded cortex) indicated that the endosteal margin showed semi-lunar defects (lacunar resorption) or appeared to form endosteal cortical residues on one or both sides, and C3 (severely eroded cortex) indicated that the cortical residues were clearly porous on one or both sides.
All digital radiographs were taken with the Veraviewepocs 2D® (J. Morita, Kyoto, Japan). The Veraviewepocs 2D® orthopantomograms were taken with a highresolution Charge-Coupled Device (CCD) sensor (32-bit microprocessor) (J. Morita, Kyoto, Japan). The panoramic exposure was made at ten milliampere-seconds (mAs) for 12-15 s at 70-80 kVp. Radiographs were taken by the same radiographer. One well-trained examiner with ten years' experience determined the MIC classification.
To calculate the intra-and inter-examiner agreement, a dentist was trained to measure MIC classification. After a period of calibration, 100 panoramic radiographs were chosen randomly and reanalyzed within a period of one week. The kappa agreement for intra-and inter-agreement was 0.88 and 0.80, respectively. Based on the guidelines of the interpretation of kappa statistics performed by Landis and Koch, [17] the following categories were considered: 0.00 (poor), 0.00-0.20 (slight), 0.21-0.40 (fair), 0.41-0.60 (moderate), 0.61-0.80 (substantial) and 0.81-1.00 (almost perfect). The kappa value of intra-and inter agreements was in the category of almost perfect and substantial, respectively.
Statistical analysis
The results of the MIC classification were divided into two groups. 
Results
The description of the 428 subjects is shown in Table 1 . The mean age and number of remaining teeth were 59 ± 7.2 years old and 21 ± 8.7 teeth, respectively. The total subject percentages in Group 1 (MIC class 1 or class 2) were 72.2%, and group 2 (MIC class 3) were 27.8%. There were significant differences in gender, age and number of remaining teeth between group 1 and group 2 according to the Chisquare test.
The relationship between MIC classification and the number of remaining teeth is shown in Table 2 . The median of the number of remaining teeth in group 1 (MIC class 1 or class 2) and group 2 were 25 and 16 teeth, respectively. A significant correlation was found between MIC classification and the number of remaining teeth on the Mann-Whitney test (P < 0.001).
The results of multiple linear regression analysis using the number of remaining teeth as a dependent variable are shown in Table 3 . The MIC classification between group 1 and group 2 was significantly associated with the value of the number of remaining teeth after controlling for gender and age (β = -0.37, R2 = 0.22, P < 0.001).
Discussion
Our study demonstrated that there was an association between the severity of mandibular inferior cortex porosity and the number of remaining teeth in elderly Indonesian people. Subjects in group 2 (MIC class 3) showed significantly fewer teeth than a subject in group 1 (MIC class 1 or class 2). These findings are supported by another study that suggested that mandibular inferior cortex porosity is associated with tooth loss. [18] Osteoporosis may have an impact on these findings, and many studies have demonstrated a significant relationship between jawbone measurements and BMD at other skeletal sites. [7] , [8] , [9] , [10] , [11] , [12] The region of interest in this research was the mandibular inferior cortex, which is not associated with local factors such as periodontitis or periapical lesions. The osteoporosis changes in the alveolar crest and jawbone could directly affect the retention and stability of the teeth. This suggests that the severity of osteoporosis is related to loss of height of the alveolar crest and tooth loss in elderly people.
Previous research has demonstrated that osteoporosis affects the quality of jawbone, [19] the severity of clinical attachment loss, [20] and, in the end, the number of remaining teeth. Although osteoporosis was not the primary cause for losing teeth, it is a risk factor that may contribute to the progression of periodontal disease and the reduction of the alveolar bone crest. This study suggested that subjects considered at high risk of osteoporosis had a higher risk of losing teeth than subjects considered normal risk.
Research has shown that the long-term use of hormone therapy (10 years or more)
shows an average decrease in tooth loss by three teeth, compared with those who did not use the therapy. [21] Other investigators showed that supplementation with calcium and vitamin D significantly reduced tooth loss in the elderly over a period of three years, increased bone mineral density and decreased risk of tooth loss. [22] These findings suggest that collaboration between medical and dental professionals is needed to prevent tooth loss related to osteoporosis. Dentists could screen patients at risk of osteoporosis using panoramic radiographs and refer patients to a medical professional to confirm the diagnosis of osteoporosis.
In this study, the subjects were divided into two categories based on a previous study that used means and standard deviations of bone stiffness by using ultrasound bone densitometry. The study showed that the Z-scores of bone stiffness among the MIC classifications class 1 and class 2 were still considered normal (Zscore ≥ 1 SD) and the MIC classification class 3 were considered at high risk for osteoporosis (Z-score ≤−1.0 SD). [11] This grouping was carried out to investigate the condition of the jawbone that was at high risk of developing osteoporosis and its relation to the number of remaining teeth. These categories also avoid errors in analysing the MIC classification in dental clinic. For dentists who are not used to measuring MIC classification, distinguishing between a normal (Class 1) and a mildly eroded (Class 2) mandibular cortex is difficult.
The multiple linear regression demonstrated a significant association of the number of remaining teeth with a MIC classification group after controlling for the variables of age and gender. However, the R square indicated that those variables have less influence on the number of remaining teeth. Tooth loss is influenced more by local factors such as an untreated periapical lesion and periodontal disease. In this study design, it was difficult to know if the tooth loss presented was related to caries or periodontal disease as well as osteoporosis change of the mandible that contributed to increased risk of tooth loss. This result shows that other variables exist to explain the number of remaining teeth. Although other variables are needed to investigate the relationship in the number of remaining teeth, the result demonstrated that the number of remaining teeth was significantly decreased in group 2 with MIC class 3.
Furthermore, subjects in group 2 with MIC class 3 were 7.14 times more likely to lose their teeth than subjects in group 1 with MIC class 1 or class 2.
The study has some limitations. We used secondary data from the available panoramic radiographs. Therefore, the study had a cross-sectional design. A longitudinal study is needed to investigate the cause of tooth loss. Also, further research needs to be done to include local factors that caused tooth loss to investigate the relationship among those variables.
Conclusions
Our study demonstrated that there was an association between the severity of mandibular inferior cortex porosity and the number of remaining teeth in elderly Indonesian people. Collaboration between medical and dental professionals is needed to prevent tooth loss related to osteoporosis. 
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